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narHH low-noise 850 GHz superconductor-insulator-superconductor (SIS) quasi- 

‘1™ Wlth NbTlN thln - film microstrip tuning circuits and hybrid Nb/AlN/NbTiN tunnel 
junctions The mixer uses a quasioptica] configuration with a planar twin-slot antenna feeding a 
^junction tuning circuit. At 798 GHz, we measured an uncorrected double-sideband receiver 
STmSrr; 1 = 2 f°? at 4-2 K bath tem P erature - This ™xer outperforms current Nb 

make NbTiN™ f f 2 ^ ?°° , GHz ' The hlgh gap fre< l uenc y and low loss at 800 GHz 
make NbT.N an attractive material with which to fabricate tuning circuits for SIS mixers. NbTiN 
mixers can potentially operate up to the gap frequency, 2 A/h ~ 1.2 THz. 

In modem SIS receivers onbYfraciion of theTiT ^ a f&Ct ° r ° f 10 of this fundamental limit. 

tii^ d ™ts To Suce r rgy *° T* C °° per plirs ln ^ "*istive losses in 

insmiofS^ 

tl^n^^os^^Nb'm^ers ^“^Though^ JdTfficTt T ^ 

layer film are responsible for the relatively poorer performance of all-NbN mixers. sses in t e wiring 
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their potential use m RF cavities for particle accelerators. 13 Our recent work with mixers using NbTiN films has 
r e “ that th t ey r n haV l Very loW l0SS / at frequencies 35 high 35 800 GHz, ^ thus may be suitable for use in 

wiring anTa NbT'N^ 0 ^ f*? frequency 2A / h ~ 12 THz - For instance, a mixer with Nb/A10 x /Nb junctions, Nb 
wiring, and a NbTiN ground plane gave very impressive performance, T RX = 110K (DSB) at 638 GHz 14 This result 

2 sl ! OWS tbat the f loss f the NbTiN S r01111 d Plane near 650 GHz must be at least comparable to that of a Nb 
Mo-O t P ane , Founer transform spectrometer (FTS) characterization of mixers made entirely from NbTiN films with 
T*" ba rners indicated that the excess surface resistance of the NbTiN films was R s < 0.030 at 500 GHz 
and had an upper limit of roughly R s < 0.1 0 at 800 GHz. 15 These measurements further suggest that NbTiN films 
Wn mT at submillimeter wavelengths than NbN films. Within the past year considerable improvements have 

here we report on m — made near 800 « a — ^th 

Our mixer configuration uses a quasioptical planar twin-slot antenna coupled to a two junction tuning circuit 18 

hybri^Nb /AlNVNhTrtvj"' *• ™ C /° Strip wiri ng ar f made from NbTiN thin films. The mixer uses sub-micron 

hybrid Nb/AlN/NbTiN junctions. These are preferred over all-NbTiN junctions (e.g., NbTiN /MgO /NbTiN) since 

ow NbM10 ea m g b T ^ (/ ' V ° characte ristics are sharper. They Ire 7 also preferred 

r Nb/A10 x /Nb junctions because of their higher sum gap voltage (3.2 mV vs. 2.9 mV); furthermore the AIN 

tunnel barrier introduces the possibility of making junctions with extremely high current densities. 19 

First he ™ l ayer fabncatl ° n cl ° sely f ° llows the P rocess described previously, 16 except for two important modifications. 

Sner- T” & Au “ ^ betWeen the NbTiN g round P^ne and the Nb base electrode of the junction. Our 

7zZ “'TtS without tbe AU layCT indicate that the Au layer may be necessary to ensure 

a good RF contact between the NbTiN ground plane and the Nb base electrode. The second difference is in the 

rt d l! g 2“ A1N tUnnd barri6r - PreviousIy - RF bias for the plasma nitridation 
as routed through the substrate chuck. By moving the RF electrode to a different position, the system was able to 
produce high quality junctions with better control and repeatability. 

,. T u e fabr ' Cat ( ! on of the mixar be S ins wit h the deposition of the ground plane, which is a NbTiN film deposited to a 

A thlrSo°nmThl m W T Unhaated . ° Xldlzed Si 7 a fer. The ground plane film has T c » 15.2 K and p(20 K) « 75 pfi cm. 
A thin (20 nm) blanket layer of Au is evaporated over the ground plane. On top of this, the Nb/AlN/NbTiN trilaver is 
fabricated. It begins with 150 nm of Nb, followed by 7 nm of Al. The AIN barrier is formed by plasma nitridation ^The 
juncucn » U „to-elec,rode is 50 nm of NbTiN. The tunnel junction has a critic^ current density of J. re lO kA cn,-' 

den^tv' The Eai T JUnCt ‘ 0 ” n“ } *nilar «> A10, for the same value of the current 
? The ]nn £ 10 ™ are -^ally defined to dimensions of 2.6 x 0.25 m using e-beam lithography employing 
a cross-line process. 21 The junctions are made to stretch across the width of the Tuning inducted This^uncSon 

m^Td 7 - 18 USe f *r: ead ° fS . qU T J unctlons to eliminate any spreading inductance, which considerably simplifies the 
mixer design calculations and reduces the RF loss in the Nb junction base electrode. Finally, after the Si O dielectric 

h neS iS ?tf°r th ^ deP ^ tl T ° f 500 nm thick NbTiN for the wiring layer completes 
a completed 850 GHs m°«f “ sho™ 1°"“ ‘ ® ** ° K) B 100 " ncm - A " SEM °< 

TH?s t fe i r e h“, ti 8K to ‘ h “ T* •“ TT" "™ b SIS mixers, which gave excellent 

coated with aF O J n JrlS’ Th JP , miX f cblp ls glued to a hyperhemispherical Si lens, which is anti-reflection 
i ? a \ 4 . 1 , ^ ens / su ^ strate combination is clamped into a copper mixer block assembly 

hich is mounted to the cold plate of a liquid helium-cooled cryostat. The input beam passes through several layers 
of porous Teflon on the 77 K radiation shield and a high-density polyethylene lens at 4.2 K. A 25 fim mylar film se^es 

stages oSTsrSTi? 8 l0Ca T l la :r {L0) I s by a Gunn °«*nator followed by 2 varactor multiplier 

Smiive rn am Slgn witb a 12 ' 5 " m Mylit h “ m sp,Mer ’ which 15 92 « 

naJ« i |L Url TK mPed ^ 0f the ^ £ Hz , mixer is shown in Fi S- 2 - wbl ch represents the two junctions connected in 

lesslhan the -T^mV^n^A Ta ^ ** 12 ' the g&P V ° ltage is only ^ ~ 3 2 mV - whic h is considerably 

I^TiNmmter eW^L u Nb + A , NbTiN) . weexpectffom this hybrid junction. This probably indicates that the 
WbliN counter-electrode in the immediate vicinity of the barrier is of poorer quality 

in Fiv T C n reSP ° nSe ?, thiS k T er w 38 . measured with an FTS, and is shown along with the predicted response 
g- - e mixer model, which takes into account the slot-antenna impedance as well as the microstrip tuning 

^sfroTtT reaS ° nab j y r^ Wltb the measured response. The model calculates the surface impedance of the NbTiN 

SHo ^ llZ U The effT StlVlt, Tl ng ^ Mattis - Bardeen th *»y m the local limit, ’ 3 and assumes that there 
are no excess losses^ The effective penetration depths at 800 GHz, taking into account the finite thicknesses of the 

cinacit CalC f U ^ liM k be ar ° Und 330 nm and 310 nm f ° r the ground P lane and wirin g> respectively. The specific 
capacitance of the AlN-bamer junctions was assumed to be 85fFpm- 2 , as was measured using Nb tuning circuits 19 

0 W lQ nel t 800 I GH Ure 1. r k P ° 1 ^ ^ the NbTiN SUrfaCe resistance an upper limit of 

ghly R s < 0.1 Q near 800 GHz, which is less than the surface resistance of a polycrystalline NbN film. 10 In our 
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S " faCe reSiS ‘““ °' 01 n (in * he Wiring layBr °"W would *» “ additional ~ 0.5dB of 

V S er °f y T ”° iSe measu t ements of til' mixer are summarized in Fig 4. For these measurements the standard 
T - (hu /2 wS 5 he ® quivalent load temperatures were computed using the Callen-Welton formula 

COrreCti ° nS ^ appHed; the raW F - factors “ e Pitted with the spectral 
sponse curve in Fig. 3. The receiver noise temperature follows the spectral profile measured bv the FTS The best 
receiver noise temperature was T RX = 260 K at an LO frequency of 798 GHz The IF 

id bTES nJr°2mV ~ ,d '°^ d ' at thls frequency is shown in Fig. 2. For best noise performance, the mixer 

^ LSan^n^rr^ % ^ *” *"»* — 

th u h t? rodyne ~ ementS ’ We can estimate the mixer conversion loss and compare it to a theoretical value 

IF s^Z Y 7 7 I i mU t0 tHe 1058 " the tUning drcuit Usin g the shot-noise P tech^que*^ to SSLSSS 

IF system we estimate that the mixer conversion loss is L « 8.5dB(SSB). Applying Tucker’s theory 3 in the 3-nnrt 

l~r n t0 ° Ur miX j er ’ WC calculate tbat tbe intrinsic mixer conversion loss is 7.0 dB. Together with 0 7 dB 
lo^from the vacuum window 0.4 dB loss from the beam splitter, and about 0.5 dB loss in the cold optii the IS 

loss of th r tJKT 6 M C , 0nverslon loss ' s ’ L ~ 8 6 dB, which closely matches the measured value. This suggests that the 
T , . . . e NbTlN tu nmg circuit has an upper limit comparable to the uncertainty of the measurements (~ 1 dB) 
This is in agreement with the upper limit on the loss established by modeling the s£ttnd rapS o K ejv*' 

up to 85™ GHrCth 7 ***** “ SIS mixer and have demonstrated its low not pe^ SL 

SIS mivtts T f qUe c Cy range ’ the sensitivit y of the mixer is nearly twice as good as previously rented 

Z 100 K of the total «« -r noL originates from JSTlZn TgSS 

olt\7tn l 777 , W 7 immediate improvement in the receiver performance near 800 GHz by upgrading the 
ne^frT Z7 t0 USed \ th \ 850 GHz CS0 waveguide receiver.’ 3 Measurement are now in 

iwaa: v d t £ * nasa 

«nd by the Caltech Submillimeter Observatory (NSF grant AST^ nstrument development program, 
Japanese Ministry of Education, Science, Sport^ and Cutae. AST 9615025 >' JC * d “”' kd e'* S “PP»‘ &<-"■ 'he 
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-?Si£MStal5 ^“pltt, 8 * “”-7' Sh »" ” <? IV «. traced with (d^hed he.vy) 
response to 295 K (solid light) mdV kJJ ££ ? L ° * 798 GHz ' The IF P°™ i» 

biased near 2.0 mV. For this particular measurement ioc f / ,° W ” ^ a ^ unction °f voltage bias. The mixer is normally 

of LO power to the mixer and T RX = 260 k ’ * ^ SpHtter W8S ^ to cou P le the optimum amount 
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3 ' ?!"*? d f tection FTS measurement of the mixer’s spectral response. The measured response (solid light) is plotted 
w! h a model calculation of the response (dashed heavy). These are compared to the T-factors, the heterodyne response (solid 
heavy). Ihe dips in the measured spectral response are absorption lines. 



FI G. 4 Receiver noise temperature as a function of frequency across the operating bandwidth of the LO source. This is 
e same ata as presented in Fig. 3. The noise temperature is computed using the Callen-Welton function, which is used to 
calculate the input power from the thermal loads. 
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